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Prediction of Flow Stress of Steel in Consideration
of Recrystallization
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Hong-lk University, Graduate School’
Hong-lk University, Dept. of Mechanical Engineering”

Abstract

In the finite elemenet analysis of metal forming problems, the most critical input is the flow stress
of workpiece. Conventionally, the flow stress of a metal at elevated temperatures is assumed to be a
function of strain, strain rate and temperature, and obtained by experiment. However, if the workpiece
is not continuously deformed as in multi-pass rolling, the flow stress obtained by experiment is no
longer valid because it does mot consider the microstructure evolution occurring between deformations.
In the present study, it was attempted that the flow stress of steel in the austenite region be obtained
by coupling the Sellars recrystallization modelling equations and the Hemmandez flow stress modelling
equations. It was applied to the prediction of flow stress variation at each stand during hot finishing
rolling of steel.
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Fig. 1 Typical flow curves :
(a) work hardening, (b) dynamic recrystallization
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Table 1. Sellars Recrystallization equations

Sellars equations

_ _8
Z=eexp( RT)

Q=312000/mol™")
R=8314(Jmol 'K "
T=T(K)

€,=6.97-10 153 2"

Related Variables to=1.06 - lo—sz—o.sexp(_'o’o_%)_]@_ ) (£20.8¢,)
X=1—exp[— InZ(TL)]

0.5
ts=2.5- 107" dhe exp (XN ) (e<0.8¢,)

X=1—-expl— ln2(—t“t‘)2]

0.5
if X =09
dree=1.8+10°Z7%5 (um), (exe")
dres=0.5d%5€7 (um), (e<e”)
e =0.57d%e,

Recrystallization

"= di%+3.87 - 10% exp(-—40000) (7> 1273(k))

Grain growth

"= % +5.02 - 10% exp(—9400) - (r<1ar3(k))

Non-recrystallization | d= d(1—X) + d,.

Z : Zener-Holloman parameter, ;s : time for 50% recrystallization

X  recrystallization fraction
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Fig. 4 Predicted flow stress variation
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Fig. 7 Predicted flow stress variation
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Table 2. Rolling conditions and grain size at each stand

pass no. | T(C) | &(s™hH € t; Al m)
1 1035 7748 | 0.46489 5.1 52,63
2 1041.8 | 1734 | 062425 3.2 51.71
3 10154 | 31458 | 056625 | 21 4818
4 9739 | 48756 | 04388 14 4021
5 939.4 6683 | 033415 11 27.48
6 9167 | 91.243 | 027373 09 1758
7 8979 | 88975 | 0.1779 0.7 18.99

t; ¢ interpass time

wol —— predicted
empirical eq.

Stress(MPa)
E 8 B E &

g 8

Strain

Fig. 10 Flow curves predicted by this study and calculated by empirical egation.
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